Several N-chloroarylsulphonamides of the configuration, 4-X-C 6 H 4 SO 2 (K)NCl·xH 2 O (where X = H, CH 3 , C 2 H 5 , F, Cl or Br) and i-X, j-YC 6 H 3 SO 2 (K)NCl·xH 2 O (where i-X, j-Y = 2,3-(CH 3 ) 2 ; 2,4-(CH 3 ) 2 ; 2,5-(CH 3 ) 2 ; 2-CH 3 ,4-Cl; 2-CH 3 ,5-Cl; 3-CH 3 ,4-Cl; 2,4-Cl 2 or 3,4-Cl 2 ) are prepared, characterised, and their infrared spectra in the solid state and NMR spectra in solution are measured and correlated. Comparison of the infrared spectra of the potassium salts of N-chloro-arylsulphonamides with the corresponding arylsulphonamides shows that the strong absorptions in the range 947 -933 cm −1 are due to N-Cl stretching vibrations. The effect of ring substitution on the N-Cl frequencies is non-uniform. The frequencies in the ranges 1404 -1370 cm −1 and 1149 -1125 cm −1 are respectively assigned to S=O asymmetric and symmetric vibrations. The effect of substitution in the phenyl ring in terms of electron withdrawing and electron donating groups is non-systematic. Empirical correlations relating the chemical shifts to the structures are considered. The chemical shifts of aromatic protons and carbons in all the N-chloroarylsulphonamides have been calculated by adding substituent contributions to the shift of benzene, as per the principle of substituent addition. Considering the approximation made, the agreement between the calculated and experimental chemical shifts is reasonably good.
Introduction
The amide moiety is an important constituent of many biologically significant compounds [1, 2] . Sulphonamides are of fundamental chemical interest as they show distinct physical, chemical and biological properties. Many sulphonamides and their N-chloro compounds exhibit pharmacological activity, which has further stimulated recent interest in their chemistry. Further, many sulphonamides and their N-chloro compounds exhibit fungicidal and herbicidal activities because of their oxidising action in aqueous, partial aqueous and non-aqueous media [3 -12] . Therefore an understanding of the formation, properties and reactions of sulphonamides is central to future development in such areas as medical and redox chemistry. A great deal of work on the spectroscopic aspects of amides needs to be done for correlating frequencies with the chemical bond parameters. Thus we are interested in the spectroscopic studies of amides in their crystalline state [13 -23] .
We have recently reported spectroscopic studies on a number of arylsulphonamides and their sodium 0932-0784 / 04 / 0100-0064 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com salts of N-chloro compounds. We report now the infrared and NMR spectra of potassium salts of Nchloroarylsulphonamides of the configuration, 4-X-C 6 
Experimental

Preparation of Potassium Salts of N-Chloroarylsulphonamides
The mono and di-substituted arylsulphonamides, were prepared by the chlorosulphonation of the corresponding substituted benzenes with chlorosulphonic acid and by subsequent conversion of the resulting arylsulphonylchlorides to amides by boiling the former with concentrated ammonium hydroxide by the procedures reported in [21 -25] ble 1). To get potassium salts of N-chloro-arylsulphonamides, the arylsulphonamides were N-chlorinated: Pure chlorine gas was bubbled through clear aqueous solutions of substituted benzenesulphonamides in 5M KOH at 70 • C for about 1 hr. The precipitated potassium salts of N-chloroarylsulphonamides were filtered, washed, dried and recrystallised from water. The purity of all the reagents was checked by determining the melting points (Table 1) and by estimating iodometrically the amounts of active chlorine present in them. All other reagents employed in the preparation and purification of reagents were of analytical grade.
Infrared Absorption Frequency Measurements
Infrared absorption frequency measurements were made on a JASCO-430 (Japan) FT/IR spectrometer. The resolution was set to 2 cm −1 , and the scanning range was from 400 to 4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm).
NMR Measurements
The proton and carbon-13 NMR spectra of the compounds were measured on a BRUKER Ac 300F, 300 MHz FT-NMR spectrometer in CDCl 3 and DMSO with tetramethylsilane (Me 4 Si) as internal standard. The spectral frequency (SF) was kept at 300.134 MHz, sweep width (SW) at 6024.096, pulse width (PW) at 8.0, relaxation delay (RD) of 1.0 (sec), acquisition time (AQ) was 1.360 (sec), receiver gain (RG) 10, decoupling power (DP) was 63L CPD, filter to suppress noise (LB) 0.0, reference value (SR) was set at 4125.36 ppm for H 2 O internally. For 13 C NMR spectra, the spectral frequency (SF) was kept at 75.469 MHz, sweep width (SW) at 22727.273, pulse width (PW) at 5.0, relaxation delay (RD) of 1.0 (sec), acquisition time (AQ) was 0.360 (sec), receiver gain (RG) 400, decoupling power (DP) was 14H CPD, filter to suppress noise (LB) 6.0, reference value (SR) was set at 701.89 ppm for DMSO at 39.5 ppm externally.
Results and Discussion
Infrared Spectra
The infrared absorption frequencies of the fourteen potassium salts of N-chloroarylsulphonamides are listed in Tables 2 and 3 . The general assignments of the important frequencies to various modes are also indicated in the tables. Assignment of various bands in different compounds has been dealt with, in detail in [26, 27] . The ranges of group absorptions have been assigned based on many compounds in which the groups occur. The precise frequency or wavelength at which a specific group absorbs is dependent on its environment within the molecule and on its physical state.
Comparison of the infrared spectra of the potassium salts of N-chloro-arylsulphonamides with the corresponding arylsulphonamides revealed that the strong absorptions in the range, 947 -933 cm −1 are due to Table 8 . The observed and calculated 13 (Tables 2 and 3 ). In general, the discussions are similar to other organic aromatic compounds.
The effect of substitution in the phenyl ring in terms of electron-withdrawing and electron-donating groups could not be generalised, as the effect is nonsystematic.
3.2.
1 H and 13 C NMR Spectra
The 1 H chemical shifts of the potassium salts of mono-and di-substituted N-chloro-arylsulphonamides are given in Tables 4 and 5 .
Since the chemical shift depends on the electron density around the nucleus or associated with the atom to which it is bonded, empirical correlations relating Table 9 . Incremental shifts of the aromatic carbon atoms of monosubstituted benzenes (ppm from benzene at 128.5 ppm, + downfield, − upfield). [26, 27] (Table 6) to the shift of benzene (7.27 ppm), as per the principle of substituent addition.
The incremental shifts of the aromatic protons (ppm from that of benzene proton value of 7.27) for different substituents are given in Table 6 Tables 4 and 5 . Considering the approximation made, the agreement between the calculated and experimental chemical shifts is reasonably good. 13 C chemical shifts are tabulated in Tables 7 and 8 . The chemical shifts of aromatic carbons in all the Nchloroarylsulphonamides have also been calculated by adding the substituent contributions (Table 9 ) to the shift of benzene (128.5 ppm), similar to the procedure employed for aromatic protons. The shifts in aromatic carbons due to -SO 2 (K)NCl·H 2 O were calculated comparing the values of potassium salts of Nchloroarylsulphonamide with that of benzene carbon-13 of 128.5 ppm [26, 29] . The values are 13 Tables 7 and 8 . The agreement between the calculated and experimental chemical shifts is reasonably good.
The 1 H and 13 C chemical shifts are also compared with those of the corresponding arylsulphonamides and sodium salts of N-chloroarylsulphonamides. The effect of substitution in the phenyl ring in terms of electron-withdrawing and electron-donating groups could not be generalised as the effect is nonsystematic.
